Abstract. -The velocity of sound has been measured at room temperature in samples of Metglas 2605 SC annealed at temperatures, T, < 823 K. Changes in velocity are observed due to short range ordering or the onset of crystallinity and these are compared with the behaviours of AC permeability and coercive force.
Introduction
The extent of structural order in amorphous solids has been probed with a variety of techniques. The most direct, TEM, has revealed small regions of chemical short range order (CSRO) [I] but indirect techniques are frequently employed. Magnetic properties are structure sensitive, with observed effects on permeability and coercivity [2] . However other factors such as internal stress, introduced during rapid quenching, also have a significant effect.
The present work investigates the information on structure that might be obtained from ultrasonic propagation in partially ordered amorphous ribbons, their magnetomechanical coupling efficiencies ( k 3 3 ) and the corresponding variation in permeability ( p ) and coercive force (H,) .
Experimental technique
The material used in these experiments was ferromagnetic Metglas 2605 SC (Fe81B13.5Si3.5C2) (Allied Corp.) produced by melt spinning. Five samples were annealed at each temperature for 240 mins and then removed from the furnace, complete with inert atmosphere, to cool to room temperature [3] .
The use of laser generated ultrasound (LGU) and the method of detection have been described previously [4] . The essential features are that a broadband pulse of ultrasound is generated, with peak at 1 MHz, and several modes are propagated. The highest velocity is that of the symmetric Lamb wave, an extensional wave, and this was measured in the present experiment. This mode does not display any A E effect, the velocity for any one sample of ribbon remaining constant with changes in applied field. The detector, consisting of N 10 turns of fine copper wire (N 20 p m diameter) wound around the ribbon, utilizes the inherent magnetomechanical coupling of the ribbon. For the velocity measurements, ten transit times were measured for successively larger transit distances on each sample with the applied field adjusted to optimise the magnetomechanical coupling and maximise the received signal amplitude. Velocities were determined to better than f 1.5 %.
The AC permeability and coercive force were measured from B -H loops at 140 Hz and drive field amplitudes 35 ~m -' . The permeabilities were measured from the slopes of the B -H curves near the abscissae.
The coercive force is dependent on the drive amplitude but this was kept the same for all the measurements, large enough to reach saturation in all but those samples which were almost completely crystalline. The frequency and field dependence were investigated in detail and will be published elsewhere, together with further experimental details.
Results and discussion
The data in figure 1 illustrate the sharp increase in velocity associated with the onset of crystallinity when T, > 673 K . The corresponding permeability, measured with fields applied parallel to the ribbon length, decreases rapidly and the coercive force increases simultaneously (Fig. Z) , both effects attributed to the appearance of anisotropy from the crystalline a-iron phase.
For T, < 673 K , however, a gradual increase in the ultrasound velocity can be resolved although none of the samples show any sign of XRD Bragg reflections from either face of the ribbon. This increase may be associated with the growth of CSRO as T, is increased but changes in topology could also occur (TSRO). The density of the samples, measured to an accuracy of f 0.1 %, showed no detectable increase arising from the anneal procedure and it was concluded that the structural changes were mainly attributable to CSRO.
The corresponding changes in permeability are not so simple: the increase, rising to a maximum near 523 K cannot be explained by an increase in order but is probably due to stress relief. The development of CSRO should yield a noticable increase in H, but only a small change is observed in comparison with the velocity of sound. The latter seems to be a better indicator of CSRO prior to crystallisation than either of the magnetic properties and is unaffected by stress relief.
The detection technique provides a monitor of the changes in magnetomechanical coupling due to isothermal annealing and its field dependence (Fig. 3) . For Ta -573 K , close to the peak in the permeability, the amplitude of signal received by the coil reaches its maximum value. The field dependence is characteristic of the coupling seen in amorphous materials [5] with the peak at low fields (-500 ~m -' with no correction for demagnetising fields). For Ta -773 K, the material is almost wholly crystalline. The coupling ef- ficiency, like the permeability, dramatically decreases and the highest coupling is not quite achieved even with the maximum field obtainable from the present equipment.
